DOCQHEHT BBSQBB 



ED 179 918 



CS 005 142 



&0THOB 
TITLE 



INSTITDTION 
SPONS AGENCY 



PUB DATE 
NOTE 



Hoe, aidet) And Others 

The Literacy Pequireaents of a Heating and Air 
Conditioning Hecbanic on the Job and In a Vocational 
Training Proaxan, 

Purdue Oniv. , Lafayette, Ind« Dept« o£ Education. 
Indiana state Dept. of Public Instruction, 
Indianapolis.: office of Educ ation (DHEH) , 
Washington, D.C. 
Nov 79 

61p«: For related document, see CS 005 mi 



EDBS PRICE 
DESCEIPTOHS 



MP01/PC03 Plus Postaae- 

* Adult Basic Education: * Adult Education Programs; 
♦Adult vocational Education: Air Conditioning 
Equipoient: Basic Skills: Cons unicat ion Skills; 
Heating: *Job Skills: *Literacy: *f!achine Repairmen; 
Beading Skills: Vocabulary 



ABSTRACT 

As part of a proiect that ide 
literacy skills required in ten occupations, 
levels of instructional information about hea 
mechanics- Factual data are preserted in Part 
decision making by program developers, admini 
counselors- These sections no*e the specific 
(reading, writing, listenincr, speaking, and m 
identified at three iob sites and three vocat 
Part III presents instructional nethods/mater 
education teachers can use to develop literac 
job related knowledge- The lesson format is b 
reading activity and includes vocabulary and 
sentence and organizational structure, silent 
development. Appendixes list the technical vo 
heating/air conditioning mechanics reed to kn 
represent ^5% of the lanauaoe sampled for the 
occupational literacy requirements for the te 
studied- <HL) 



ntified the specific 
this report provides two 
ting/air conditioning 
s I and II for use in 
etrators, teachers, and 
literacy requirements 
athenatics) that were 
ional training programs, 
ials that adult basic 
Y Skills while imparting 
ased on a directed 
concept development, 

reading, and skill 
cabulary that 
ow, the 100 words that 

entire project, and 
n occupations that were 



* Seproductions supplied by EDFS are the best that can be made * 

* frcB the original document. * 

4it*Hi*Hi*^ili* Hi ^***Hnli**** ******* *i¥**itiHcHt*rtc ** ****************************** ** 



W ATtOMAk INtTlTUTfe 9P 

IDUCATIOM 

'MiS DOeUMENT MAS SEEN REPRO- 
DUCED EXACTLY AS HEC£!VEO f^RO^ 
THE PERSON OR 0«GANl2ATlO>ilOfHG«W* 
AT{NG»T POINTS OF VIEW OR OPtNlONS 
STATED DO NOT NECESSAPILV HEPRC- 
SENT O^^f^^ iCtAL NATlONAt iNSTHUTEOf^ 
EDUCATION POSITION OR POL^CT 



THE LITERACY REQUIREMENTS OF A 
HEATING AND AIR CONDITIONING MECHANIC 
ON THE JOB AND IN A VOCATIONAL TRAINING PROGRAM 



CO 
% — < 



Alden J. Moe 
R. Timothy Rush 
Rebecca L. Storlie 



Department of Education 
Purdue University 




This project was completed through grantc from the Indiana 
Department of Public Instru'ition under Section 309 of the 
Adult Education Act, P,L. 91-230 and Sections 310 of the Adult 
Education Act, P.L. 91-230 as amended. The data collection 
and initial completion of the literacy reports (from which this 
report was derived) was completed during 1978-79 under Project 
Number FY-79-8062-P . This rerDrt, one of ten, was revised for 
dissemination during 1979-80 under Project Number FY-80-8075-T. 



* * * 



The activity which is the subject of this report was 
supported in part by the U. S. Office of Education, Department 
of Health, Education, and Welfare. However, the opinions 
expressed herein do not necessarily reflect the position or 
policy of the U. 5. Office of Education, and no official 
endorsement by the U. S. Office of Education should be inferred - 




Acknowledgements 



In order to conduct this project, the cooperation of 
approximately 100 individuals in the Greater Lafayette, Indiana, 
area was required. A grateful acknowledgement is extended to 
those many individual workers, students, instructors , program 
directors, union officials, personnel directors, foremen, 
supervisors, and otliers who allowed us to work with them and 
to identify the literacy demands discussed in this report. 



The guidance and support of Linda 7.eiler and Timothy Wells 
of the Division of Adult and Community Education of the Indiana 
State Department of Public Instruction, is also gratefully 
acknowl edged • 

The editorial c^xpertise provided by Robert Hieb is much 
appreciated. Finally, many thanks to Shelly Richardson and 
Ricki Freiman for their secretarial assistance. 



Alden J . Moe 
Project Director 
Purdue University 
West Lafayette, IN 



ii 



ERIC 



4 



Heating/Air Conditioning 



TABLE OF CONTENTS 



PROJECT ABSTRACT 



INTRODUCTION 



PART I 



PART II 



REQUIREMENTS ON THE JOB 
Job Sites Studied 
Reading Requirements 

Special Reading Considerations and Problems 

Uses of Reading 

Writing Requirements 

Mathematics Requirements 

Oral Language Requirements 

Key Non-literacy Requirements 



X 
2 
5 
5 
6 
8 
9 

10 
11 
12 
13 



REQUIREMENTS OF THE VOCATIONAL TRAINING PROGRAM 14 



Courses Studied 
Reading Requirements 

Special Reading Considerations and Problems 
Uses of Reading 
Writing Requirements 
Mathematics Requirements 
Oral Language Requirements 



14 

14 
17 

18 
18 
18 
19 



iii 



Heating/Air Conditioning 



PART III 



INSTRUCTIONAL RECOMMENDATIONS 

Project Overview 

Organization of ABE Lessons 

Notes on Teaching Vocabulary 

Nof-s on Teaching About the Structure 

and Organization df Text 
Directed Reading Activity 
Reading to Accomplish Work 
Reading to Learn .information 
Counseling the ABE Student 
Suamiary 



21 
21 
23 
24 

26 
28 
29 

31 
32 
33 



BIBLTOGRAPHY 



35 



APPENDIX A 



KEY TECHNIC :AL VOCABniARY 



36 



APPENDIX ^ 



HIGHEST FREQUENCY WORD LIST 



52 



APPENDIX C 



SI'MMARY OF OCCUPATIONAL REQUIREMENTS 



54 



iv 



6 

ERIC 



-1- 



PROJECT ABSTRACT 

TFE IDENTIFICATION OF LITERACY REQUIREMENTS OF JOBS IN INDUSTRY 
AND CORRESPONDING VOCATIONAL TRAINING PROGRAMS 



I. Need Addressed: 



Meeting the educational needs of adults with 
minimal literacy skills who wish to enter 
skilled or semi-skilled occupations. 



2. 
3. 



Population Served: Adults with minimal literacy skills. 



Brief Description: 



4. Major Objectives: 



5. Products: 



Specific literacy requirements (reading, 
writing, listening, speaking, and mathe- 
matics) of semi-skilled and skilled occu-- 
pations in business, industry and vc national 
training programs were determined. The 
literacy demands of three work contexts 
and training programs for each of the ten 
occupations were then analyzed and 
reported. 

To provide educators, counselors, and admin-- 
istrators with a description of the literacy 
requirements of serai-skilled and skilled occu- 
pations and training programs to which function 
ally illiterate ^dults aspire, 

A description of the literacy requirements 
necessary to hold a job in each of ten occu- 
pations and the corresponr ing requirements 
necessary to succeed in vocational training 
programs which prepare individuals for each 
of those occupations is provided. A booklet 
for each of the ten jobs was prepared. 
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INTRODUCTION 

This project was undertaken in response to a need, expressed by 
adult basic educators and counselors , for inf onnatlon about the 
specific literacy skills necessary for success in several occupations. 
The occupations studied had been identified as desirable careers during 
informal interviews with adults who were enrolled in basic education 
programs in the Lafayette, Indiana area* Enployment comiselors and 
officials of the Office of Career Development confirmed that the occu- 
pations identified for study were appropriate. Because Greater Lafayette 
offers a wide range of occupational and training opportunities, the 
project staff was able to study both job sites and vocational training 
sites for each of the following occupations: account clerk, automotive 
mechanic, draftsman, electrician, heating and air conditioning mechanic, 
industrial maintenance mechanic, licensed practical nurse, machine 
tool operator, secretary, and welder. 

Purpose and Audience 

This report provides descriptive and instructional Information to 
adult educators at two levels. Factual data are presented in Parts I 
and II for use in decision making by program developers, administrators, 
lead teachers, and counselors. Part III presents instructional methods 
and materials and is meant for use by adult basic education teachers. 
Members cf both groups may be interested in the entire report, but in 
preparing it the project staff attempted tc address the needs of the 
two audiences separately. 



8 



Procedures 

To identify reading, writing, speaking, listening, mathematics, 
and other characteristics which are necessary for success both on the 
job and in the training program, three job sites and three vocational 
college courses were studied. 

Required reading materials from each of the six settings were 
evaluated using two widely use4^ readability fon^ulas, the Dale-Chall 
formula and the Fry Readability Graph. Readability estimates were 
computer assisted. A minimum 2000 word sample of written language was 
taken from each site. Special considerations and problems related 
to reading the technical materials were identified, and the relative 
use of reading as a work tool and as a learning tool was determined. 

To Identify speaking and listening requirements, one hour samples 
of oral language were recorded at each job site and in each vocational 
college course. Language recorded at each site was rated for its technical 
and formal qualities, and computer-analyzed to assess vocabulary and 
syntax- Written and oral language samples were used to develop the Key 
Technical Vocabulary List found in Appendix A. The combined language 
samples from all occupations studied were used to develop the Highest 
Frequency Word List found in Appendix A suimnary of the literacy 
requirements for all ten occupations studied is found in Appendix C. 

Writing samples were obtained at each of the six sites and used to 
deterr^ine the nature of written communication demands on the job and in 
the vocationa] training program. 

Mathematics demands were determined through surveys of materials 
from the job sites and classrooms. Instructors and supervisors respondad 
to a questionnaire about the specific mathematics skills necessary for 
job and/or training program success. 
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Important non-literacy characteristics were identified by super- 
visors who completed a rating scale which asked for their estisaate of 
the importance to job success of such factors as cooperativeness, 
reliability, and attitude toward work. 

The following sections oi this report are organized according to 
the requirements of the job, the requir«nents of the training program, 
and instructional recommendations. 
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PAKT I 

REQUIREMENTS ON THE JOB 



\ 



\ 

Job Sites Studied 

At each of three separate job siteb the literacy dexaands placed 
on one heating and air conditioning mechanic were studied. Reading , 
writing, oral language and mathematics were the specific literacy 
skills areas examined. At two of the site$ the mechanics were in^ 
volved in the servicing and installation of residential and light 
commercial plumbing, heating, and air conditi|.oning equipment. At 
* the third site the mechanic was involved in both major remodeling 

and installation of heavy commercial heating and air conditioning 
equipment in large office buildings. An important aspect of such 
work was knowledge of pipefitting and steamf itting. 

From each job site representative samples of reading, writing, 
and mathematics required on the job were obtained. Samples of oral 
language requirements were obtained by tape recording a randomly 
selected one hour period of on-the-job verbal interaction. At each 
job site, the mechanic's Immediate supervisor completed a quest ionniare 
which was concerned with the relative importance to job success of 
eleven worker characteristics. Supervisors also identified the maths-- 
matics skills necessary for job success, and estimated the amount 
of time per week the mechanics used reading and mathematics in their work. 
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Reading Raqulrement s 

Supervisors estimated that the mechanics who participated in the 
study spent an average of six hours per week in reading on the job. 
Reading materials from the Job sites included work orders^ service 
and installation instructions , building contractor specifications » 
parts catalogs, and shop drawings, as well as trade handbooks and 
reference books. The required reading ma teri^s employed references 
to figures, tables, schematic diagrams, shop drawings, and Owber 
illustrations. Some frequ^tly used reading materials took the form 
of tables and charts which had little supporting sentence/paragraph 
text. Parts catalogs and price lists were often in this format. 

The style of writing in most of the materials was highly tech* 
nical. Work orders were typically written in an informal, abbreviated 
style which contained essential Information but did not follow stan-- 
dard sentence structure. Most of the reading materials surveyed at the 
job sites were written in a style similar to that presented in Example I. 

EXAMPLE I 

Style of Writing Found in On-The-Job Reading Materials 

A. Building Specifications 

Room thermostats and remote bulb insertion and immersion 
thermostats shall be two-pipe, of the proportional relay 
type, except where two-positioned action is necessary, 
and temperature settings and reset ranges sha^^ be ad* 
justable to best meet actual operation conditions. 
(Scholer and Associates, 1978, p. 15C-39) 
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B« Reference Mutual 

Another mer.ns of computing infiltration into a refrigerated 
space is by means of the velocity of air flow through an 
open door. When the door of a refrigerated storage space 
is opened, the difference in density between cold and warm 
air will create a pressure differential causing cold air 
to flow out the bottom of the^ doorway ana warm air to flow 
in the top. (Copeland Corporation, 1966) 
The difficulty cf on-the-job heating and air conditioning read- 
ing materials was estimated throiigh computer analysis using the Dale- 
Chall Formula and the Fry Readability Graph. The readability levels, 
shown in Table I, are reported in ranges of difficulty because of 
variations in different materials examined at each job site and because 
of variation in the estimates made by the two formulas. A reading 
skill range of tenth to college graduate level was necessary to success- 
fully read thj on-the-job heating and air conditioning materials. 

TABLE I 

On-The-Job Readability Levels 
Job Site One Tenth grade to college graduate level 

Job Site Two College to college graduate level 

Job Site Three College graduate level 

Readability formulas do not account for factors such as reader 
familiarity with difficult concepts and vocabulary, motivation, and 
interest. It Is likely that the mechanics who read required mater- 
ials successfully on a daily basis would have been less successful if 
asked to read materials from another trade or science. Military 
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studies of reading and readability (Stichtg 19/5) indicate that 

experienced workers were able to successfully use familiar mater- 
ials several levels higher than their measured reading abilities 
should have allowed. The implications of such findings for Adult 
Basic Education (ABE) instruction are discuss^ in Part III of this 
report . 

Special Reading Considerations And Problems 

As illustrated in Example I, the predominant style of writing 
found in on-the-job heating and air conditioning reading materials 
was technical. Interpretation of tables and illustrations was an 
important aspect of reading for the mechanics who participated in 
the study. It was essential that they could find information in 
specifications documents, installation manuals, and service manuals 
in order to do their work correctly and avoid costly mistakes. In 
contracting work, reported one mechanic, careful reading of speci- 
fications was essential in order to detect omissions and details 
which could mean the difference between profit and loss on a con- 
tract . 

Example II depicts information in table and figure format 
which is typical of that found in the technical reading materials 
from heating and air conditioning job sites. 
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EXAMPLE II 
Tables with Accompanying Illustrations 

Sdi^MT Rffum Air nittr CaMMti (Nttn not MppliMf with RA CtMnit) 



Fumaot Sim 


12X4n 


1iX4t^ 


11X64^ 


24X4m 


24X54H 


41Xi4HrMrQniy 










JF1«FI6 


MI^M 


JI1«^II 1 


C 

Duct Canii.B>n- 


12 
12 

10X11 
MOi25* 


11 

12 

11X11 
1-18x28* 


141^ 

11 

12 

llXfl 
3-iaN2S* 


4n 

12 

22X11 
^2(k2S 


64% 

12 

22X11 
2^2Qi2S 


U% 
41 

12 

38X11 
4-10x28 



*Fiilir h^mih^a mth fumact wiU fit or tM cut to fit 




(Tappan Air Conditioning, 1978) 



Probably the most important aspect of on-the-job reading in 
heating and air conditioning was the need for thoroughness and 
caution. All of the participating mechanics stated that failure to 
read required materials correctly would have costly and sometimes 
dangerous effects on themselves, their co-workers, and their customers. 

Uses of Reading on the Job 

Each of the mechanics who participated in the study completed 
a questionnaire which was designed to determine the nature of reading 
tasks on the job. It was concluded from the questionnaire that most 
of the reading on the job was done to obtain important infoxnnation • 
The information obtained through on-the-job reading was typically 
used immediately and not remembered for more than a day or two. After 
an initial, carefal reading, the required material was kept close 
at hand and frequently referred to until the job was finished. Depend- 
ing on the nature of the job, mechanics would memorize some information 
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for the duration of the job. However, as one mechanic stated, "At 

times it is best to read exacting standards over more often, as they 
apply to each task." 

On-the-job reading in the field of heating and air conditioning 
was not entirely devoted to accomplishing work. When a system was 
to be installed, modified, repaired, trade manuals and professional 
reference books were consulted. Information from these sources had 
general applications, and was typically remembered for long periods 
of time. 

Writing Requirements 

The ability to communicate through writing was rated to be of 
average importance to job success by supervisors. It was not im- 
portant that the mechanics be able to write in complete sentences. 
It was, however, essential that they communicate important informa- 
tion clearly. Thus, the style of writing used on the job was in- 
formal and resenjbled the syntax of telegrams with non-essential 
words omitted. Example III illustrates the concise style of writing 
found at the heating and air conditioning job sites. 

EXAMPLE III 
On-The-Job Writing Style 

A. JOB: Men's restroom copper tubing in tank broke. Is 

leaking on floor. 

B. JOB: No water caning into washbowl in bathroom, 

C. JOB: Broken line under house. Crawl space full of water. 

A wide range of legibility of handwriting was observed in the 
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samples of writing collected at the heating and air conditioning job 
sites. If key information was conmiiinicated, the mechanic's hand- 
writing was accepted. 

Mathematics Requirements 

The mathematics skills required of heating and air conditioning 
mechanics on the job included addition, subtraction, multiplication, 
and division of whole numbers, addition and subtraction of fractional 
numbers, measurement skills, and working knowledge of algebra. Rated 
as desirable on the job were skill in multiplication, division, and 
conversion of fractions, ability to solve word problems, and skill 
in^^oinetry. Approximately six hours per week were spent on mathe- 
matics-restated tasks according to supervisors* One supervisor added 
that advanced heating and air conditioning mechanic positions require 
higher level mathematics skills. Two of the three supervisors rated 
mathematics skills to be as important as reading skills in contributing 
to job success. Example IV illustrates one mathematics skill that 
is called for in heating and air conditioning jobs — using tables of 
impbrtant information. 

EXAMPLE IV 
On-The-Job Mathematics Requirements 

Pressure Equivalents in Fluid Head 

\ 



Pounds per 
Square Inch 


. ... N 

Iri<;:hes 
Merfcury 


Inches 
Water 


Feet 
Water 


.036 


.07 


11.0 


.083 


.433 


.80 


12.0 • 


1.0 


.491 


1.0 


13.6 


1.13 
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As the above example llluatrates, mathematics and reading skills 
may be used simultaneously in heating and air conditioning jobs. 

Oral Language Requiremmts 

Oral language recorded at the job sites combined informal speak- 
ing styles with job-related technical concepts and vocabulary. Con- 
versation was sometimes not \rork related, but as a rule, it focused 
on job tasks as they were being performed. Giving and following 
verbal directions were important aspects of oral language at the job 
sites. When service work was involved, a polite respectful quality 
was noted in the language of the mechanics. Likewise, in service 
work it was important to ask questions of customers in order to save 
steps and troubleshooting time. Example V contains excerpts of typical 
on-the-job language. 



EXAMPLE V 



On-The-Job Language 



A. 



Installation 



Mechanic : 



"This measures eighteen. It probably would 
be best to check it with a plumb bob. Tha-t^s 
almost enough for an offset." 



Co-worker: 



"Well, it's going to have to go back, roll 
back, do you see what I mean?" 



Mechanic: 



If' 



'Yea, closer to the wall. 



If 



Co-worker: 



tt 



It^s a four and a half. 



ft 



Mechanic : 



"This is eight. Fit it up then, by the time 
it rolls over, it will work. We can come 
straight up to the right elevation with the 
lavatory. " 
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B. Customer Service 

Mechanic: "Has it been rumbling on you any?" 

Customer: "Well uh, a while ago it had been making a 
squeaidjig noise*" 

Mechanic: "Uh huh." 

Customer: "You know, and then it just dawned on me this 

morning that I haven't heard that for a while." 

Mechanic: "Yea* Uh, it's really smokey and everything 
and looks like it's pretty well plugged up. 
When you look inside it looks like a forest 
fire. That's why I was wondering if it did 
rtimble oi anything on you." 

Key Non-Literacy Requirements 

Supervisory personnel from each participating business rated 
several worker characteristics according to their importance to job 
success. The following characteristics were rated as very important 
by the supervisors: 

Cooperativeness 

Good record of attendance 

Ability to follow spoken and written directions 

Attitude toward work 
One supervisor also rated "pride in work" and "trustworthiness" to be 
very important. 

Characteristics which were rated as slightly less importan' than 
the above included the ability to communicate through speaking and 
job kn^ wledge. In no case was reading or mathematics skill rated 
above any of the qualitites already noted. It should also be noted 
that job knowledge was rated less important to job success than 
cooperativeness record of attendance, attitude toward work, trust- 
worthiness, and ability to follow directions. 
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PART II 

REQUIREMENTS OF THE VOCATIONAL 
TRAINING PROGRAM 



/ 

The Courses Studied 

The reading, writing, oral language, and mathematics require- 
ments of three ^.i^u^ses in a vocational college heating, air con- 
ditioning and refrigeration training program were studied. The 
courses, Heating Air Conditioning and Refrigeration Technology, 
Air Distribution Systems, and Heat Loss and Gain, were determined 
by the school administration and instructional staff to be repre- 
sentative of the training program as a whole. The literacy demands 
of other heating and air . conditioning courses were Judged to be 
about the same as those presented here. 

Each of the courses studied combined lectures, readings, and 
practical projects and experiences designed to simulate situations 
encountered in buisness and industry. Reading, writing, oral 
language, ^nd mathematics skills were routinely used in all of the 
courses studied. 

Reading Requirements 

The amount of time spent using reading and other literacy skills 
is typically higher in training programs than on the job. This is 

20 
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du^ to the need to present Jarge aoounts of Information in relatively 
short periods of time, T^i the vocational college training program 
miich more time was required for reading, according to instructor 
estimates , than was necessary on the job. The d^^ficulty of the 
materials and the styles of writing found in materials from the two 
environments, however, were similar, 

important qualitative differences between on-the-job and train- 
ing program ifeading demands were also not6d. On-the-job reading was 
used primarily to get work done, but in the training program reading 
was used most often as a learning tool. In neither setting was read- 
ing used exclusively as a work tool or as a learning tool. 

Instructor estimates of the amount of time per week spent on 
required reading tasks ranged from eight to fourteen hours per week. 
Thus, it was expected that a minimum of thirty hours per week would 
be spent reading by the heating and air conditioning students enrolled 
in all three of the courses. 

The style of writing found in required course materials in the 
training program was, like that found in on-the-job materials, high- 
ly technical. Excerpts from training program reading materials are 
presented in Example VI. 
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EXAMPLE VI 
Training Program Reading Materials 

A. Textbook Explanation 

" CHA'iGE OF STATE: The addition of heat to a substance 
may cause, in addition to a rise in the temperature of 
that substance, a change of state of nhat substaitce. 
That is, an addition of heat may cause a substance to 
change from a solid to a liquid, or from a liquid to 
a gas- (Langley, 1978, p- 37' 

B. Following Sequenced Instructions 

" A. Determine the Outsid e Design Temperature from 
Table 1. (See paragraph 7-3)/' 
B, Determine the Daily Temperature Range 

from Table 1. (See paragraph 7-4 and 7-5) 
" C. Select Inside Design Temperature 

for rooms to be cooled. (See paragraph 7-10) 
(National Environmental Systems Assoc., 1975, p. 23) 
The levels of readability, or difficulty, of the materials re- 
quired in the training program courses v^re similar to those of mater 
ials found at the job sites. If reading had been the only learning 
mode used in presenting new information to students, it would have 
been more effective to use reading materials written at a lower level 
than those used by experienced mechanics. However, the vocational 
college instructors planned lectures and laboratory experiences to 
coincide with reading assignments. Thus, the effect of textbook 
difficulty was offset and students were able to acquire basic job- 
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\ 

related infonaation vdtbout having to struggle with unfaailiar con- 
cepts and difficult reading materials at the same time. 

Table II below presents the levels of readability for materials 
used in the three courses studied. As in the case of the on-the-job 
materials reported in Part I, readability levels are reported as 
ranges of difficulty. 

TABLE II 

Training Program Readability Estixoates 
Course One College to college graduate level 

Course Two Eleventh grade to college level 

Courst Three Eleventh grade to college graduate level 

It was noted In Part I of this report that readability formulas 
do not account for such factors as motivation, interest and reader 
familiarity with subject matter. The notion that motivation and 
knowledge of subject matter can reduce the perceived difficulty of 
reading materials is discussed in Part III, Instructional Recommen- 
dations - 

S pecial Reading Considerations and Problems 

Whereas finding information in texts, tables, figures, and dia- 
grams for immediate use was the predominant use of reading on the job, 
reading was used most often as a learning tool in the training program- 

The training program required a balahce of careful reading and 
the ability to identify and remember important information. Textbooks 
contained tables and figures similar to those found in specifications 
and manuals found on the job, as well as sentence and paragraph texts 
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containing important: information. Laboratory tasks required skills 
in reading and following directions. Typical training prograia read- 
ing materials are illustrated in Example VI above. Tables of key 
information observed in training program materials were similar to 
those illustrated in Examples II and IV, 

Uses of Reading 

As previously discussed , reading in the training program involved 
both reading to do and reading to learn. Reading to do required skill 
in finding and using information presented in formats ranging from 
sentences and paragraphs to tables and shop drawings. Following 
written directions was also an important ability. Reading to learn 
required the ability to organize and remember information which was 
most often presented via sentence/paragraph expository writing paired 
with graphics. 

Writing Rec^uirements 

The requirements for both written ccnimunication skill and leg^f^bility 
of writing were similar in the training program courses and on the ^ 
job. The emphasis in both settings was on concise communication of 
key information. Complete sentences were not required on written 
assignments or in labora*^ory work. Legibility became a factor only 
when it interfered with communication of information. 

Mathematics Requirements ^ 

Each instructor who participated in the study completed a question- 
naire which asked for an estimate of the importance of several mathe- 
matics skills to success in the training program for heating and air 
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coaditioniag aftchanics. It was iiidicatcd that akills ranging from 

master>^ of arithmetic processes with whole numbers to processes with 
fractional numbers, the decimal system, measurement, and ability to 
solve word problems were necessary for success. Geometry and algebra 
were rated as desirable skills for heating and air conditioning mechanic 
trainees. The instructors indicated that from eight to fourteen hours 
of student time per week was spfint using mathematics skills. An almost 
equal amount of time was spent on mathematics tasks as was spent on 
reading tasks in the training program courses. 

Oral Language Requirements 

The style of language recorded during training program lecture^ 
was typically informal. .The lectures required some prior knowledge 
of the subject matter and attentive listening on the part of the 
students. The abilities to follow verbal directions and to take co- 
herent notes were also necessary. Students were expected to relate 
diagrams on chalkboards and in textbooks to lecture content. Fre-- 
quently scale models or mock-ups of buildings were used to illustrate 
information presented verbally by the instructors. An excerpt typical 
of classroom lecturer is presented in Example VIZ. 



25 



-20- 



H«atlng/Air Ccnditioniag 



EXAMPLE Vir 

Heating/ Air Conditioaiag Classroom Language ^ 
(designing hone heating/ air conditioning duct work) 
Instructor: "Does anybody need help getting started? 

Do you want to go through the problem 
where you find static?" 
Student: "I have a question. Can you run bathroom, 

our small bathroom, and the utility together?" 
Instructor: "No. The proper way to do that is to gut the 
utility room separate from the kitchen." 

The use of oral language in the training program, as on the job, 
was often applied to prob 'm solving as in the above situation. 
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PAET III 



INSTRUCTIONAL RECC»!KEN13ATI0NS 



Project Overview 

For the occupation of heating and air conditioning mechanic, 
reading, writing, oral language, and mathematics skills required on 
the job and in the vocational training program were generally high. 

The levels of reading skills required on the job and in the 
training program were estimated to be in the range of upper high 
:.chool level to college graduate level. It was noted in previous 
sections of this report' that knowledge of key technical concepts 
and vocabulary, combined with familiarity gained through daily use 
of required reading materials, r^n reduce the perceived difficulty 
of reading tasks. 

On the job and in the vocational training program reading was 
used as a tool for accomplishing work and as a tool for learning. 
Reading- to-do work was predominant on the job where reading was used 
to find information and to check specifications for jobs. Super- 
visors' estimates of the amount of time heating and air conditioning 
mechanics spent on job-related reading tasks averaged six hours per 
week. 
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In the vocational training program^ reading was used aorc often 



as a learning tool than it was on the job. However, readijig-to-do 
tasks which required fact finding and following directions, similar 
to on-the-job tasks, occurred frequently. 

Writing requirements for the heating and air conditiouing 
mechanics were similar to those of other occupations stxidied. 
Neither standard sentence structure nor highly legible handwriting 
was required. Conciseness in writing tasks was emphasized in both 
on-the-job and training program settings. 

The mathematics demands of the training program were slightly 
higher than those on the job. Instructors stated that students should 
have mastered all computational skills extending through the division 
of fractional numbers. Skill in solving word problems and in measure- 
ment were rated as necessary. Geometry and algebra skills were rated 
as desirable. 

Job site supervisors stated that computational processes including 
addition and subtraction of fractional numbers, measurement and problem 
solving skills were necessary. Multiplication, division, and conversion 
of fractions as well as geometry and algebra were rated as desirable. 

The oral language used on the job and in the training program 
required the abilit> to make use of oral instructions and directions 
given by supervisors and instructors. Note taking skills and the 



necfessary in the training program course?. 

Job site supervisors^ when asked to rate several worker charac- 
teristics in terms of their importance to job success, rated the 




information to graphic illustrations were 
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following as very important: good attendance, positive attitude toward 
work, ability to work cooperatively with others, and ability to follow 
b-5th oral and written directions. All of these qualities were rated 
as more important than reading or mathematics abilities. Moreover, two 
supervisors rated the qualities listed above as more important than job 
knowledge. 

A brief sunmary of how the literacy requirements of the heating and 
air conditioning mechanic compare to those of the other nine occupations 
studied is found in Appendix C. 

Orgjanlzation of ABE Lessons 

The recommendations ^ich follow are meant to aid teachers and 
tutors in designing streamlined lessons which develop literacy skills 
while imparting job-related knowledge. The majority of the literacy 
information studied in connection with heating and air conditioning 
mechanic occupations and training programs was related to reading. Reading 
demands were found to be high, and even when mathematics, writing, and 
oral language skills were used by workers and students, they were used 
in conjunction with reading. This section, therefore, presents a method 
of organizing ABE lessons which emphasizes reading. Provided background 
information deals with the teaching of vocabulary and teaching about 
text structure and organization. The lesson format is based on a directed 
reading activity (DRA) and includes vocabulary and concept development, 
sentence and organizational structure, silent reading, and skill development. 

The guiding principle of the DRA method of ABEf lesson organization 
is that words, concepts, and skills must be introduced and practiced 
in situations and materials that are true to life. For example, words, 
sentences, tables, and illustrations should be similar to those 
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used on the job or in the training program. It may be possible to 
teach an interested ABE student the words on the Key Technical Vocab- 
ulary List in isolation, but a far better practice is to introduce 
and practice such words in contexts similar to those found in occupa- 
tional reading materials. 

There may be a wide gap between the reading requirements of 
occupational materials and the reading abilities of the student. 
Materials which parallel those found on the job and in the training 
program can be developed by teachers and tutors. Through paraphrasing 
sections of textbooks, reference books and manuals, the readability of 
occupational materials can be reduced so that literacy skills and 
job^related knowledge can be developed simultaneously. 

^ \The value of the DRA approach is that it allows the use of any 
appropriate reading material in a reading skill or basic job knowledge 
development program. 

Notes on Teaching Vocabulary 

The specialized vocabularies of the heating and air conditioning 
mechanics studied are similar. There are many key concepts and words 
which are common to the heating and air conditioning trades in general. 

The specialized technical words of the Key Technical Vocabulary 
List should be introduced to ABF students interested in entering the 
heating and air conditioning field so that both the words and their 
meanings are recognized. This Implies that the words will be taught 
in a meaningful context* 

Two types of specialized vocabulary words occur in specialized 

fieJd^ such as heating and air conditioning. One type of word is 
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unique to the specific field. The word "plenum" hes a very specific 

meaning to mechanics working in the heating and air conditioning 
fields, but persons outside of that field probably have never en- 
countered the word. In teaching a word such -is "plenum" to ABE 
students an illustration of its meaning would be essentials 

A second type of word which needs attention in ABE ler^sons 
is one which has a common meaning in everyday communication but 
which also has a specialized teclinical meaning • The word "flash- 
ing'' is usually lised as a verb or adjective, and has several conno- 
tations in everyday usage. In the heating and air conditioning field, 
however, "flashing" is used as a noun referring to sheet metal used 
in waterproofing roofs. Multiple meanings like these should be 
pointed out during reading lessons. 

The following are suggestions for teaching vocabulary: 

1. Pair the word to be taught with the concept or object 
that it refers to whenever possible. 

2. Introduce the word using an approach which focuses 
student attention on the word. 

3. Be sure that the new word is read in context very 
soon after it has been taught. 

4. If in doubt about a student's ability, use the general rule 
that four to six new words per lesson be introduced. 
(Learning is typically most efficient when the number of 
words taught is in this range.) 

5. Review vocabulary words frequently. 
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Sources of job-rclat«d vocabulary words and concept^ are in--^..^ 
eluded in the books cited in the bibliography of this report. Many 
can be obtained by writing publishers or by checking large libraries. 
The style and level of writing in the listed materials is often highly 
technical, thus, if convenient, teacher time could be devoted to pre- 
paring lower readability materials which parallel high-level passages. 

Notes on Teaching About the Stucture and Organization of^ Text 

The above suggestions on teaching vocabulary words emphasize 
meaning; words have little use outside of a meaningful context. 
In the heating and air conditioning field even solitary words on a 
chart or shop drawing have a meaningful context to a trained indi- 
vidual. 

In reading it is important to be aware of special patterns of 

"N. 

organization used by writers. Formal technical reading materials 
are organized differently from the short stories and novels used 
in teaching reading to most Americans. The expository style of 
writing used in texrbooks and other specialized or technical mater- 
ials is different irom the narrative style of stories and novels at 
several levels of comparison. 

At the sentence level, ABE students should learn that exposi- 
tory style often relates cause and effect. SometiTnes this rela- 
tir-.iship is clearly stated as in the sentence in Example IX-A. 

EXAMPLE IX 

Stated and Unstated Cause and Effect Relationship 

A. The furnace failed because of a clogged fuel filter. 

B. The fuel filter was clogged. The furnace failed. 
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Often, however, the relationship is not stated, as in Eacaii^le IX-B. 
In such cases readers who are not expecting cause and effect con-- 
nec Lions may miss them. 

At the paragraph level, writers of expository material often 
use a format which states the main idea in the first sentence. The 
last sentence summarizes the paragraph and may connect it to a 
paragraph that follows. Comprehension and learning can be improved 
when readers are aware of this organizational technique. 

At the chapter level, expository material may contain many 
valuable aids to efficient reading* Key words are used as headings 
which introduced important sections. Pictures, diagrams, tables, 
and figures are used to illustrate important ideas. Introductions 
and chapter summaries are also available as aids to readers who 
know how to use them. 

ABE students should learn about style factors such as these 
and use them to Improve comprehension. Efficient readers use their 
knowledge of expository style to organize their reading. Awareness 
of the use of cause and effect makes them sensitive to such relation- 
ships. Knowledge of paragraph and chapter organization is used to 
develop a "mind set'' which is helpful in organizing and remembering 
important information. Reader-composed questions based on paragraph 
lead sentences, headings, pictures, and other graphic aids help 
readers organize, comprehend and remember what is read. 

The directed reading activity, described in the next section, 
is a system which enables the ABE student to bricome efficient in 
using organizational factors as aids to comprehension and memory. 
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Directed Reading Activity 

This system of preparing for efficient reading nay he used with 
individual students or with groups. In groups, it requires very 
little class time to prepare students for reading assignments. For 
both individual and group use it has been demonstrated to enhance 
reading efficiency and comprehension. 

After a review of previously taught, related concepts and of 
past assignments the below procedures are to be followed: 

I, Develop Readiness for Reading the Assignment: 



\ 



Purpose: Motivate 

Set purposes for reading 
Develop vocabulary 

Teacher: Ask Questions - , 

\ 

How familiar is the subject matter \ 
and vocabulary to your student? ^ 

Teach New Vocabulary - 

Be concrete: write out the words as you 
introduce them. Use examples such as 
objects or pictures; point out word 
relationships, i.e., cardiograph and 
cardiovascular relate to cardiac/heart. 
Have students write the words as they are 
taught . 

Ask Questions to Stimulate Interest - 

Focus on titles, pictures, ?;raphs. Re- 
late an anecdote from your own experience 
or one your students may have had. 



\ 



\ 
\ 



II. Direct the Silent Reading of the Assignment. 

Develop questions from sub-headings, graphs, pictures, 
and tables. Try to focus on relationships in the assign- 
ment* (In textbooks, useful questions are often providea 
by the authors) . 

Have pupils read silently from 5 to 20 minutes, keeping 
the questions in mind as they read. 
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Encourase students to ask for help vhen they are con-^* 
fused. Writing questions down in abbreviated form is 
a good practice when reading is done outside of class ♦ 



III. Discuss Student Answers to Questions 

Do not restate the questions unless necessary. 
Students need to remember the questions or they 
lose the purpose for reading. 

Ask higher, level questions to,, develop comprehension 
(have students interpret, draw conclusions, and 
make inferences as well as recall facts). 



IV, Reread as Necessary 

When answers demonstrate confusion, have the student 
reread the appropriate small section to determine 
trie reason for the confusion. 



V. Follow-up and Skill Development 

Confusion or lack of comprehension may signal a need 
for extra work on vocabulary, concept building, or word 
recognition skill. 

In this phase of the lesson important mathematics 
and other skills can be related concretely to the 
reading assignment. 



The DRA is a system, a routine, that you want your 
students to learn to use independently. Remind 
your students of this - tell them why you use the 
DRA system. It will help them now and in their 
future study. 



R'EMEMBER: 



! Reading to Accomplis h Work / 

The phrase reading t£ do has been used in research and deyelopment 
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projects done for the U.S. armed forces (Stlcht, et al . , 1977). 
Reading to do refers to the use of reading for the purpose of getting 
work done. It involves following written directions and readinp to * 
find information which will be used immediately. Such information 
need not be learned or remembered. Looking up telephone nunibers, 
finding information in a policy manual, or finding important data 
in a table, chart, or figure are examples of reading to do. Prepar- 
ation of ABE students for reading-to-do tasks can be incorporated 
in a directed reading activity lesson. 

When lesson materials contain occupational ly-relevant concepts, 
ABE students are given important background information which will 
make higher level training easier. Therefore, lessons should employ 
materials which are similar in structure and content to those found 
on the job or in the vocational training program. Paragraphs, tables, 
charts, and figures might be used verbatim from on-the-job or in- 
structional materials. Alternatively, such materials might be para- 
phrased and reduced in difficulty to match student abilities. 

Given appropriate materials and a period of orientation to them, 
the structural and organizational features of the table, chart, 
figure, paragraph, or chapter should be pointed out to the student 
(see Notes on Teaching About Structure and Organization of Text). 
This is essentially the first step of the DRA described above. 
When the materials have been introduced, the student should be directed 
to find a particular fact in the material. In subsequent lessons, 
the difficulty of information-finding tasks should be increased. 

Skill in following written directions can be developed using 
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a DRA system and materials similar to Example JU Initial activities 
should contain only one or two steps. 

EXAMPLE X 
Written Directions 

1. Before operating any motor or other moving parts, they 
must he lubricated with the proper oil or grease as 
necessary. 

2. Remove or loosen shipping retainers under motor com- 
pressors. 

3. Check high and low-pressure control cut-in cut-out points. 
A. After the compressor is started continue charging until 

the system has sufficient refrigerant for proper opera- 
tion. (Copeland, 1966, p. 24-19) 

In information- finding lessons, the emphasis should be on an un- 
derstanding and careful identification of the required fact. Like- 
wise, in lessons on following directions understanding and careful 
execution of the required steps must be emphasized. 

Reading t£ Learn Information 

Skill in learning printed information for future use is very 
important in vocational training programs. The reading skills 
necessary for reading to learn (Sticht, et al * , 1977) are taught 
and systematically practiced in directed reading activity lessons. 
That is, the use of previewings attention to graphic and contaxtual 
infomiatioa, and the organizational factors discussed in Notes on 



37 



_32. I Heatitvg/Air Conditioning 
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Teaching About the Stnictur* jand Organisation of text, above, should 
be practiced and learned during each DRA lesson. Questioning and 
rereading, also aspects of a DRA, reinforce important learning 

1 

skills. 

Sources of materials for use in reacjing-to-leam lessons, like 
those employed in reading-to-*do lessons, should be occupation&lly- 
oriented (See Bibliography). ABE students who receive reading in- 
struction through job-related reading materials develop not only 
reading skills but gain important job knowledge as well. 

Counseling the ABE Student 

ABE students should be tnade aware of the importance of reli- 
ability, cooperation, ability to follow directions, and other fac- 
tors noted in Part I of this report. On the basis of the responses 
of supervisors surveyed in this study and previous research (Stlcht, 
197 5), it seems that such characteristics may contribute as much to 
job success as reading and mathematics skills. Role-play activities 
which involve consideration for others and following directions may 
be a valuable part of ABE lessons designed to prepare adults for 
employment. 

The literacy demands of the heating and air conditioning mechanic 
jobs and training program courses are high. It is, therefore, im- 
portant that teachers, tutors, and counselors consider the facts \,Te- 
sented earlier in this report, the individual student's levels of 
motivation, and the individual's literacy skill development before 
beginning to prepare the student to enter a heati.Tg and air condition- 
ing job or vocational training program. Frequency and intensity of 
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lessons, choice of instructional materials, and long-term duration of 

the instructional program will vary according to tl -students' literacy 
skill levels, especially in reading and mathanatici. . 

This does not mean that students with low level literacy skills 
should be discouraged from preparing for a heating and air conditioning 
career. It does suggest, however, that an early and realistic estmate 
be made of the time and effort required to reach the goal of employment 
or formal training. 

Suggsary 

The literacy demands of heating and air conditioning jobs and 
training program courses were found to be high. It is probable that 
individual experience and familiarity with specialized information 
reduces the perceived demands of job and training program tasks. The 
exact extent of such a reduction, however, is not known. 

It was observed that the vocational trainipj? program for heat- 
ing and air conditioning mechanics provided students with experiences 
that were very similar to on-the-job tasks. Reading materials from 
the training program which presented important basic occupational con- 
cepts through texts were similar in difficulty to those, found at the 
job sites. Research supports the practice of reduced readability 
levels when difficulty concepts are presented in written form. It 
was also observed thnt instructors took measures to reduce the effect 
of difficult reading materials. 

Due to tne nature of the project, instructional recommendations 
emphasized the development of reading skills. Other literacy and 
non-literacy requirements were recognized as Important but it was 
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clear, even in cases where hi^ level mathematics skills were neceBS«ry, 
that good reading skills were essential for the job of heating and air 
conditioning mechanic. 

The recommended approach to ABE reading instruction was a directed 
reading activity (DRA), because it is systematic, provides for essential 
skill development and practice, and permits the use of any relevant 
reading material. Suggestions were presented for teaching vocabulary 
and on the use of important structural and organizational factors which 
are related to reading comprehension and memory. 

Two uses of reading, reading to do and reading to learn, were 
discussed separately because the skills they require are distinct. 
Reading to do requires the ability to find information for immediate 
use; long-term memory is not necessary. Reading to learn requires 
awareness of organizational factors which aid learning and remembering. 

Non-literacy factors were discussed in the section. Counseling 
the ABE Student, because on-the-job supervisors rated several factors 
such as attendance and cooperativeness to be more important to job 
success than reading and mathematics ability, even though the ^.iteracy 
demands were high. 

Finally, it was recommended that in using the information and 
recommendations presented in the report ABE teachers should be well 
acquainted with the occupational Interest and motivation as well as 
the literacy skills of their students. The literacy demands of 
heating and air conditioning jobs and training program courses are 
stringent. Students whose literacy skills are very low may be un- 
willing or unable to spend the time and effort necessary to develop 
the required skills. Such students should be encouraged to change 
their occupational gcjils. 

iO 
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APPENDIX A 



TECHNICAL VOCABULARY LIST 



This list is based on the total oral and written samples of the 
language of heating and air conditioning mechanics both on the job 
and in the training program. Words included in the most frequent 
1000 words of the Kucera-Francis list (based on adult language) have 
been deleted. The list was also edited to remove numerals; labels; 
names of people, places, products, and companies; contractions and 
possessives; and colloquialisms resulting from the oral language 



Seine words included in the list are relatively uncommon words 
that occurred in the total language sample and are not necessarily 
technical terms. Thus, the list should be treated as a source rather 
than a criterion. The 83 most common word? have been marked with an 
asterisk. 



samples. 



Total Sample Words 



* 19,937 



Different Words 



2,841 
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abilltv 








auwowivxcsx 




a.uj acen w 


BJLLuVXI&LQl 


approveu 


&ucoi&ODXxe 








approxxiQaLe 


aVAXXSDXi xvy 






aiuxnxmzGu 


arbitrary 


Avoxaeo 


Absorbs 




afn^4 Am ^ 


arch 


Avnxxe 


accGDted 

%A %v mm %A 




amperage 


ArcuxsieQes 


oacKer 






antperes 


architect 


DECICIXXX 


W W ^al^ 4# -4^ 




uBipxxi xes 


arguing 


backs 


accessories 


j9 /4\TaT% t" a 0'^f4 


angxe 


arm 


backup 


accessory 


;idv^3n t" Aff 


anguxaiT 


ar rangea 


Dac Li ^xrxa 


accomplish 




diiuiiui xy 


axr £ ang ciUcn L 


Dag 


accordance 




any Ljooy 


arc xc 1 e 


bags 


accordingly 




sanymo itc 


<r3 £^ It «<4 r> 

asicxng 


DaK eo 


accinaula te 


FriT'ii 


any L xine 


aspnai L 


□ax ance 


AC ctimii 1 A t in 2 


agency 


anywhere 


assemble 


balanced 


ac c umu 1 a t c} r v 


d iikj X. ii 


apart 


asseiobled 


bare ly 


ac ciira c V 




apar truer t 


assembly 


cjarR 


rip piira t e 


c2±aX iU 


apparatus 


assist 


barrel 


accurat" elv 




sppearance 


assistance 


base 




a ic ove 


appears 


assumed 


basement 


^ct i V n f p s 


a xjL^^nmen l 


applica t ion* 


assure 


basements 


ac t s 


allow 


apply 


atmosphere 


basically 


ac tual 


£3 11 i^T^ ^ ."^ 0 


appreciable 


attached 


basin 


actuated 


allowed 


apprentice 


at eempted 


basins 


adapted 


allows 


approached 


attract 


basket 


add 


alloy 


approaches 


attraction 


basketball 


adds 


alternate 


approaching 


automatic 


bath 
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bathroom 


blocking 


BTUs 


calculation 


c^vit&tion 


bathrooms 


blow 


bubbles 


calls 




battery 


blower 


bud 


cAm 




beam 


boil 


build 


camnus 




bearing 


boiler 


builder 


f* Andv 




bearings 


boiling 


. builds 


cap* 


prfif led 


beat 


boils 


built 


capable 


chalk 


becomes 


bolted 


bulb 


capacities 




bedded 


bonds 


bulge 


CfiTiaf* 1 tor 




bedding 


border 


bulk 


caoacitv* 




badrooms 


bothering 


bumps 


capillary 


chHDters 


bejglns 


bottom* 


bunch 


capital 


cbarar tpris tic 


fbell 


bought 


buoyancy 


carbon 




belt 


bounce 


buoyant 


caref ullv 




bend 


box 


burial 


caroG tine 




bends 


bracket 


buried 




cnarLS 


bet 


brackets 


burner 




n A n 


bicycle 


branch* 


burners 


s in 2 


Va Li w£l U C L 


bid 


branches 


burning 




r» ri o <^ ir ife 


bigger 


break 


butane 


\> Ct w o ^ w g 




bimetal 


breaks 


buttons 


c atal vs t" 




bit 


breeze 


buy 


r* ^3 f" r*H 




bits 


broke 


cabinet* 






b lartter 

Vr ^ ^ W W' ^ 


D ro icen 


cabinets 


caught 


chips 


blade. 


bronze 


cadmium 


caused 


chisel 


block 


brother 


calculate 


causes 


circuit* 


blocked 


BTU 


calculated 


causing 


circuits 
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clamp 


colds 


ccxnpounds 


connection* 


contributing 


claxsps 


collect 


compress 


conscious 


controlled 


classes 


column 


compressed 


conservation 


controller 


classification 


combination* 


compressing 


considerable 


controlling 


clean 


combined 


compression 


considerate 


controls* 


cleaned 


combo 


compressor* 


consisting 


convenience 


cleanliness 


combustion 


compromise 


constant 


convention 


cleared 


comfort 


computation 


constructed 


conversion 


climates 


comfortable 


compute d 


constructing* 


convert 


clock 


' comment 


computing 


consumption 


convex 


closely 


commercial 


concerning 


contact 


convey 


closer 


commonly 


concrete 


contactor 


conveyed 


closes 


commutator 


condensate 


contacts* 


conveyor 


closest 


compact 


condensating 


contain 


cool 


closet 


companies 


condense 


contained 


cooled 


closets 


compared 


condenser* 


container 


cooler 


closing 


competence 


condensers 


containers 


cooling* 


cloth 


competent 


condenses 


containing 


coolness 


clothes 


competition 


condensing* 


contains 


cools 


coal 


completed 


condition 


contaminate 


coop 


code 


completes 


conditioned 


content 


copper 


codes 


complex 


conditioning* 


continual 


cork 


coffee 
* 


complexity 


conductor 


continues 


corn 


coil* 


complicate 


conform 


c on t inuous 


CO rrec t 


coils 


compiled 


connect 


contract 


correctly 


coke 


compDnent 


connected 


contractor 


correspond 


colder 


components 


connecting 


contribute 


corrosion 
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coiinter 


cycles 


deluxe 


devises 


displaced 


cover 


cycling 


demand 


diagonal 


displacement 


covers 


cylinder 


denser 


diameter 


displaces 


cracked 


damage 


densest 


die 


display 


cradle 


damaged 


density 


differ 


dissimilar 


crankcase 


damages 


depend 


differed 


distances 


crankshaft 


damper 


dependable 


differentiate 


distribute 


crawl 


dampers 


dependence 


difficulty 


distribution 


create 


danger 


dependent 


dlf fuser 


distributor 


created 


dangerously 


depending 


dig 


disturb 


crew 


dawned 


depends 


^3 ^ 


disturbance 


critical 


daytime 


depressed 


dilemma 


dizziness 


cross 


deals 


describe 


dilutes 


dock 


crowd 


debris 


describes 


rimension 


collar 


crown 


decent 


description 


dimensions 


dollars 


crying 


decrease 


designation 


directed 


domestic 


cube 


decreases 


designer 


directions 


doors 


cubes 


decreasing 


designers 


dirt 


doorway 


cuff 


defective 


designing 


dirty 


dotted 


cup 


def ijied 


desirable 


disc 


doughnuts 


currently 


definitely 


desired 


discharge* 


downstairs 


currents 


defrost* 


detail 


discharged 


downward 


curved 


defrosted 


determination 


disconnect 


drain 




A A e% c? 

Q eg ITcca 


develop 


discontinuing 


draw 


customers 


deliver 


device 


discussed 


drawing 


cutout 


delivered 


devices 


discussing 


drawings 


cycle* 


delivery 


devise 


displace 


drawn 
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drink 


electrical* 


energy* 


evaporates 


existing 


drop* 


electricity 


engine 


evaporating 


exists 


dropped 


electrode 


enter 


evaporation 


exit 


drops 


electrodes 


entering 


evaporative 


expanding 


dry 


electromagnet 


enters 


evaporator* 


expands 


duct^ 


electron 


enthalpy 


event 


expansion* 


ducts* 


electronic 


entrance 


eventually 


expensive 


dug 


electrons 


environment 


everybody 


experiment 


dull 


element 


equal 


everyone 


exposed 


dump 


elevation 


equals 


evidently 


exposure 


durable 


eleven 


equilibrium 


exact 


expressed 


dust 


eliminates 


equipped 


exactly 


extend 


duty 


elsewhere 


equivalent 


examine 


extended 


dynamically 


embedding 


erosion 


examples 


extension 


easier 


emersion 


erratic 


exceed 


external 


economical 


employing 


error 


excellent 


extra 


edge 


employs 


escape 


exceptional 


extremely 


effectively 


enamel 


essential 


excerpt 


factor 


effectiveness 


encased 


establish 


excess 


factory 


efficiency 


encases 


estimate 


excessive 


facts 


efficient 


enclose 


estimated 


exchanger 


failure 


eight* 


enclosure 


estimates 


exclusively 


fairly 


eighteen 


enclosures 


estimating 


exerted 


falls 




encoun LeiT 


e^c • 


exert ing 


f al^e 


eighths 


ends 


ether 


exerts 


fan 


eighty 


energized 


evaporate 


exhaust 


fashioned 


electric* 


energizes 


evaporated 


exist 


faster 
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fastest 


firmly 


fluidic 


freezing 


gauge* 


faucet 


fit 


fluids 


frequently 


gauges 


fault 


fits 


flux 


friction 


gear 


features 


fitted 


foam 


frost 


geared 


fed 


fitting 


foamed 


frosting 


gefierated 


feeder* 


fittings* 


folks 


frozen 


geographic 


feeds 


fixed 


follow 


ft. 


giving 


fell 


fixture 


follows 


fuel 


glad 


fever 


fixtures 


foods 


fuels 


glass* 


fiberglass 


flame 


foot* 


functioning 


goes 


fifteen 


flange 


footing 


fundamental 


gold 


fifty 


flare 


forced 


furnace 


governed 


fig 


flaring 


forest 


furnish 


gpm 


figured 


flash 


forgot 


furnished 


grab 


filament 


flavor 


formation 


fusible 


grabbed 


filings 


flexible 


formed 


fusion 


grade 


fill 


float 


formula 


gable 


grades 


filled 


f loatless 


forth 


gain 


graph 


filling 


floats 


forty 


gallon 


gravity 


film 


flooded 


forty-five 


gang 


grease 


filter 


flooding 


forty-s ix 


garage 


greatest 


filters 


flow* 


foundation 


gas* 


greatly 


fingers 


flowing 


fourteen 


gaseous 


grey 


finish 


flows 


fraction 




±X 


finished 


flue 


frame 


gasket ing 


grilles 


fins 


fluctuation 


freely 


gaskets 


groove 


fireplace 


fluid* 


freeze 


gate 


grow 
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grown 


hello 


ideal 


Inform 


insulation 


guess 


helped 


identify 


Inherent 


insurance 


guy 


hence 


ignition 


Initial 


insure 


guys 


hero 


illustrate 


initially 


integral 


halls 


hiding 


imm^iately 


initiated 


in t Sid 


hallway 


hill 


imn^rsed 


initiating 


intends 


hammer 


t 

hinges 


imoeller 


tn1 uries 


Intcuisitv 


handed 


hits 


impingement 


ini urv 


interior 


handle 


holding 


imported 


inlet 


intermittent 


handled 


holds 


imposed 


inlets 


intermitted 


hang 


hole 


impossible 


inner 


internal 


hanger 


holes 


inch 


input 


interrupting 


happen 


hook 


inches* 


insert 


interruDts 


happens 


hopefully 


Inc luded 




t"f»TQ^r f ion 


happy 


horizontal 


incoming 


insoec t ed 


invented 


hardens 


horsepower 


incorrect 


install 


iron 


harvest 


hose 


increa.ses 


"inQtal 1 At" ion 


A an 1 nt &.d 

X 3 W X U W 


harvested 


houses 


inc reas in e 


ln«5 ta 1 1 pd* 

ImO^X. JUwW' 




heat* 


housing 




"1 n G f" a 1 1 PT" 


^ ar*If t" K 


heated 


hovered 


i ndirat 0 






heater 


humidity 


indicates 




J u uo 


heaters 


hunt ing 


Ind If* at ive 






heating* 


hurt 


indoo TS 




D "1 n f" ft 

f xJ 11 L- S 


heavier 


hurting 


inertia 


instruction 


j udgment 


heavily 


hydraulic 


inexhaustlve 


instructor 


junk 


height 


ice* 


inferior 


insufficient 


keeping 


helical 


Icemaker 


ini ^'Itrating 


insulating 


keeps 
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kiil 


liberated 


locating 


makeup 


merchandise 


c — 
kinetic 


library 


location* 


manhole 


mess 


kit 


lift 


locations 


manholes 


message 


kitchen 


lifted 


locked 


manifold 


metal* 


kits 


lifts 


locks 


manual 


metals 


knock 


lighter 


logical 


manually 


meter 


knows 


lightest 


looks 


manufacture* 


metered 


laid 


lightweight 


loop 


marble 


^i^etering 


largest 


limit 


loosen 


margin 


metric 


lasted 


limiting 


lose 


mark 


midair 


latent 


lineal 


loses 


marketplace 


milder 


lavatory 


lined 


loss 


marking 


millivolts 


laying 


linting 


losses 


match 


minimum 


layoff 


liquid* 


louvers 


matching 


minus 


layout 


liquids 


lowered 


materials 


minute 


leader 


liquified 


lowering 


maximum 


missed 


leading 


listed 


IP 


measure 


mistake 


leak 


listing 


lubricated 


measured 


mixed 


leakage 


lists 


lungs 


measurement 


misture 


leaks 


lit 


machine 


measures 


model 


Ifavirg 


lites 


machined 


measuring 


models* 


lengthen 


liver 


machines 


mechanic 


modification 


lengthening 


lives 


Toagnetic 


mechanical 


modulate 


lenEths 




maiLX 


meuium 


mouuxaLxnj^ 


levels 


loading 


mains 


melt 


moisture 


lever 


locate 


maintain 


melted 


molasses 


liberate 


located 


maintains 


melts 


mold 
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nlsht 


occmr 


otherwise 




Monday 


nine 


occurred 


oucht 


narallel 


w)iiitoring 


nineteen 


occurs 


ours 


t^arcels 


monitors 


ninth 


offset 


ourselves 


Dairtial 


mortar* 


ninety 


offsets 


outdoors 


Dkptiallv 


motion 


nipple 


ohms 


nut 


naTtl tion 


motor 


noisfi 


oil* 


outlet 


nartitioned 


motors 


nominal 


ails 


out lets 




mount 


non 


ok 


out 1 Infid 


n ASS ins 


mounted 


nonad jus table 


o Ider 


ntitntit 


ISA tent ed 


mounting 


nonDollutins 




* 


OA th 


multi 


nonposit ion 






tiA thfi 


multiple 


normally 


opening 


overcome 


OA vine 


multiplication 


northeastern 


oo&nlnc s 


W V C L, JL ^ W Tf 


o^rt fi *{ on 


multiply 


noted 


opens 


oveTf 1 ovs 


OATc en t 


multiplying 


notice 


ooerat e 


ovpfhpAd 

k^ V X 1 i v.^ Caw 


opr rpnt Ace 


mul tispeed 


noticed 


onsra ted 


nvpT 1 n Ad 


T\^v^ ^ r t 


naturally 


ntifri t ive 




U V IT X dvi o 




nearest 


nuts 


onpf At Inff* 




n ^ T" Frt TTn Q 


*• 

needle 


obj ect 


ooerators 


owner 


oer ime t pr 


negative 


ob j ec ts 


nono i t" p 




OPT"i "i r 


neighborhood 


observed 


optional 


oxi di zed 

£rf W> 


oeriods 


nema 


obst rue t ion 


ordered 




0 P T*tT! AT\ Pit t 


net 


obtain 


orifice 


pan 


permit 


neutra 1 


obtaining 


original 


panel 


permits 


newspaper 


Ov casional 


originate 


panels 


permitted 


nice 


occupant 


OSHA 


papers 


permitting 
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pertinent 


pliig 


prscite | 

1 


proportion 


pushing 


petroleum 


plugged 


preheat 


proposed 


puts 


phase 


plumb 


prepared 


proprietor 


putting 


physics 


plus 


preservation 


protect 


quadrant 


pick 


pneumatic 


preserves 


protected 


quantities 


picking 


pocket 


pressures 


protecting 


quantity 


pieces 


poisoning 


prevent 


protection 


quarter 


pillow 


policeman 


preventing 


protectors 


quickly 


pilot 


ployurethane 


previously 


provides 


quiet 


pin 


porous 


primarily 


providing 


quit 


pipe* 


port 


principles 


provision 


railroad 


pipel ine 


portion 


print 


psc 


rains 


pipes* 


positioning 


printing 


psi 


raise 


piping 


positive 


procedure 


psig 


ranging 


piston 


possibility 


procedures 


ptc 


rapid 


pistons 


possibly 


processes 


published 


rapidly 


pits 


posterity 


produce 


puffing 


rated 


pitted 


potential 


produced 


pulled 


rating 


planter 


pound* 


proficient 


pulley 


reaches 


plaster 


pounds 


progresses 


pump* 


reaching 


plastic 


pour 


progressive 


pumped 


readily 


plate 


powered 


promptly 


pumping 


reads 


plates 


practicable 


pronounce 


pumps 


rear 


playing 


practical 


propane 


purchased 


reasonable 


plenum* 


practice 


proper* 


pure 


reasoned 


plenum^ 


praying 


properly 


purposes 


recall 


pliable 


preceeding 


properties 


^^ush 


receiver 
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rec«iv«s 


regular 


represented 


rich 


saddle 


receptacle 


regulates 


representing 


ring 


safe 


recirculate 


regulating 


represents 


rings 


safely 


recognized 


regulation 


require 


rise 


safety* 


recoimendation 


regulator 


requirement 


rises 


sag 


recoimsended 


reinfotced 


requires 


rod 


sand 


recorded 


related 


reservoir 


rods 


sandwich 


recording 


relations 


reset 


roll 


sanitary 


records 


relative 


residence 


rolled 


sank 


recreation 


relatively 


residences 


rolls 


satisfactory 


reduce 


relay* 


residential 


roof 


satisfied 


rej^iuced 


relays 


resistance* 


rooms 


saturated 


reducer 


release 


resistant 


root 


saturation 


reduces 


released 


resisting 


rope 


Saturdays 


reducing 


rema in 


resists 


rose 


saving 


reduction 


remains 


respective 


rotor 


scaled 


reeds 


remodel 


responds 


rough 


scope 


refer 


remote 


responsible 


round 


seal c 


referred 


remove 


restriction 


rubbing 


sealed 


ref reezing 


removed 


retainers 


rugged 


sealer 


refrigerant* 


removing 


retains 


rule 


seam 


refrigerate* 


rents 


retarded 


ruler 


seasons 


regained 


repair 


returning 


rules 


^ sections 


region 


repeated 


returns 


rumble 


\ securely 


register 


repel 


reversed 


rumbling 


sedimentatio 


registered 


replacement 


reversing 


runner 


seldom 


registers 


represent 


review 


runs 


select 
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shtlf 


tlxty««lght 


noil 


squttAking 


selection 


shell 


sixty-two 


solar 


squeaky 


selector 


shielded 


sizable 


solder 


stable 


self . 


shiny 


sized 


soldered 


stsck 


selling 


shipped 


sizes 


solenoid 


stacks 


send 


shippine 


sizing 


solid 




sensation 


shortage 


skin 


sclidly 


\ 

SLsndTOint 

1 


sensible 


shortening 


skip 


sol ut inn 


starter 


sensing 


shower 


slab 


Rol VP 




sensitive 


shows 


slantins 


sol vine 


start inc'^ 


separate 


shunts 


slick 


somebody 


starts 


separately 


shut 


slide 


somehow 


st^r tuo 


separation 


shutof f 


slightly 


son^place 


starved 


servicing 


shutters 


slings 


something 


stated 


settings 


sick 


slip 


somewhere 


static 


settle 


sides 


slips 


soot 


stationa rv 


seventeen 


sight 


slope 


source 


Steady 


seventy -seven 


sign 


slooed 


sources 


f5t PAin 


sewage 


significant 


s low 




C f" P :aTTi i ttpd 

9 W w i^iUiir •4. w C 


sewer 


silencer 


slowing 


*5T?pr If i r at" ion 


e f- ppl 9^ 


sewers 


silver 


slufiEcinc 


*5 oecl f led 


t PT*pnnhon Ic 


shade 


simpli fy 


smaller 


cnppd 


at i rk 


shaft 


sink 




spigo v 




shape 


sit 


smelling 


spill 


Stocked 


shaped 


site 


smoky 


spoilage 


Stocking 


sharp 


sixteen* 


smooth 


spot 


stone 


sheet 


sixty 


soft 


spout 


Stopping 
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Storage* 
store 
stored 
storeroom ♦ . 
storm 

straighten 

strainer 

strains 

stranger 

straps 

stream 

strongwall 

structure 

structures 

stuch 

stuff 

style 

styles 

subcooler 

submerged 

substance 

substances 

subtract 

subtracted 

subtrac lion 

succeeding 

success 



suction* 

sufficient 

suggest 

suitable 

summarize 

sump 

Sundays 

super 

superfluous 

superheat 

superheated 

superintend 

supplement 

supplied 

suppll es 

supply* 

supplying 

supported 

supporting 

supposed 

surely 

surge 

surplus 

surrounding 

suspension 

sustains 

swears 



switch* 

switching 

tables 

takeoff* 

takeof fs 

takes 

talking 

tamped 

tank 

tap 

team 

tear 

teaspoons 

technician 

technique 

tees 

telling 

tells 

temporarily 

tend 

tends 

tentatively 

tarm 

termed 

terminal 

terminals 

termination 
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terrazzo 
tested 

tetrachloride 

textile 

thank 

thermal 

thermistor 

thermocouple 

thermodynamic 

thermometer 

thermostat* 

thick 

thin 

thinks 

thirteen 

thirty 

thirty-'f ive 

thirty-four 

thirty--one 

thirty-two* 

thoroughly 

thrown 

thrust 

Thursday 

ticket 

ticks 

tied 



tight 

tightly 

tile 

till 

tin 

tire 

tires 

tissue 

tolerate 

tone 

tiongue 

tons 

tools 

torque 

totals 

touch 

touching 

tower 

towers 

traffic 

trailer 

trains 

transfer 

transferred 

transferring 

transformed 

transition 
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transmission 


twenty thi^^ee 


uses 


vibrating 


weighed 


transmitted 


typical 


utility 


vinyl 


weight*^ 

\ 


transported 


tyrant 


vacuus 


viscosity 


\ 

wcdghte^ 


trap 


UG 


valuable 


vitrified 


weightless 


trash 


unattended 


valve* 


voids 


weights 


travel 


uncluttered 


valves* 


volt 


wet 


tray 


underground 


van 


voltage* 


wheel 


trench 


underneath 


vane 


volts 


wheels 


trimmed 


understood 


vapor 


volumes 


whenever 


trips 


undisturbed 


vaporization 


von 


wick 


truck 


un evenness 


vaporizes 

It 


vulnerable 


widely 


t runk* 


uniform 


vapors 


waist 


width - 


tub 


unit* 


variable 


wait 


willing 


tube 


units 


variables 


walls 


winding . 


tubes 


universal 


variation 


wants - 


. winter 


tubing* 


unknown 


varies 


warm 


wire 


tunnel 


unless 


vary 


warmed 


wired 


turbulence 


unlike 


vault 


warmth 


wires 


turbulent 


unnecessary 


velocities 


washed 


wiring 


turning 


unopened 


velocity* 


washing 


wise 


turns 


unwatched 


vent 


waste 


woke 


twelve 


upper 


ventilating 


watch 


wonder 


twenty* 


upstream 


ventilation 


waterproof 


wondering 


twenty-eight 


upward 


vertical 


waters 


wood 


twenty-five 


urinal 


vertically 


weather 


wooden 


twenty-four 


urinals 


vessel 


weatherproof 


wool 


twanty-seven 


usage 


vessels 


Wednesday 


worksheet 
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vorried 
wrap 

yard 
yearly 
yeast 
yell 

yesterday 

yours 

zero 
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APPENDIX B 
HIGHEST FREQUENCY WORD LIST 



The 100 words on the following page represented 45% of the 
words used in all the language sampled. This list is based on the 
combined oral and written language samples from all occupations 
studied. It shows the words used most frequently by adults in the 
ten jobs studied an., in the vocational training programs corresponding 
to those jobs. 



Total Words - 180,000 

Total Different 

Words - 9,n00 
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the 
of 

to ^ 

and 

a 

is 

is 

it 

for 

that 

you 

be 

or 

cn 

are 

I 

this 
with 
as 

by 

if 

have 

all 

at 

from 



will 
one 
not 
an 

there 

can 

when 

out 

we 

/which 
what 
do 
up 

pressure 

two 

so 

they 
here 
other 
ok 

right 
no 

used 

may 

should 



your 

was 

get 

has 

mxBt 

any 

he 

got 

know 

then 

don't 

each 

air 

check 

that's 

but 

system 

through 

valve 

going 

well 

use 

than 

it's 

go 



see 

iBore 

these 

into • 

just 

then 

down 

time 

about 

been 

some 

business 

how 

its 

back 

over 

work 

would 

temperature 

same 

also 

where 

now 

only 

like 
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SUMMARY OF OCCUPATIONAL LITERACY REQUIREMENTS 



This appendix presents a brief summary of the literacy requirenents 
for all ten occvpations studied. 



SO 

FRir 



SUMIARY OF OCCUPATIONAL LITERACY MCSIIREMENTS 





On The Job 


Training Program 




R^ad in ft 


Mathematics 


Reading 


Mathematics 


Accoimt 
Clerk 


College to 

college 

graduate 

vex 


addition, sub- 
traction, multi- 
plication, divi- 
sion, decimals, 
fractions, busi- 
ness machines 


11th grade 
to college 
graduate 


addition* sub- 
traction, mul- 
tiplication, 
division, frac- 
tions «. decimals, 
alsebra 


Automotive 
Mechanic 


9th to 
col lege 
graduate 
level 


basic processes, 
decimals, f rac-* 
tions, measure- 
ment 


9th to college 
graduate level 


basic processes, 
decimals, frac- 
tions « measure- 
ment 


Draftsman 


10th grade 
to colleste 
graduate 


basic processes, 
through geometry, 
algebra, trigonom- 
etry 


9th grade to 
college level 


basic processes, 
through geometry, 
algebra, trigo- 
aoB«trv 


Electrician 


college to 
college 

IL & Q W U C* k ^ 

level 


basic processes, 
thtoguh geometry, 
algebra, trigo- 
nometry 


10th grade to 
college gradu- 
ate level 


basic processes, 
through geometry^, 
algebra, trigo- 
nometry 


Heatinfi and 
Air condi- 
tioning 
Mechanic 


10th grade 

graduate 
level 


basic processes, 
decimals , frac- 
tions, -measure- 
ment, algebra 


11th grade to 
college gradu- 
ate level 


basic processes, 
fractions, deci- 
mals, measurement 


Industrial 

Maintenance 

Mechanic 


10th grade 
to college 
graduate 
level 


basic processes 

through 

trigonometry 


10th grade to 
college gradu- 
ate level 


basic processes, 
decimals, frac- 
tions, measuremeric 


Licensed 

Practical 

Nurses 


10th grade 
to college 
level 


addition, and 
subtraction- - 
more necessary 
to dispense 
medication 


12th grade to 
college gradu- 
ate level 


addition and 
subtraction 


Machine 
Tool 

Operator ^ 


9 th to 

college 

gmciuate 


basic processes, 

decimals, 

measurement 


9th grade to 
college level 


basic processes, 
decimals, measure- 
ment 


Secretary 


College to 
college 
graduate 
level 


basic processes, 
decimals, frac- 
tions, business 
machines 


10th grade to 
college level 


basic processes, 
decimals , busi- 
ness machines 


Welder 


few mater- 
ials — read- 
ing of single 
word informa- 
tion required 


basic processes, 
fractions, deci- 
mals, measurement 


8th grade to 
college gradu- 
ate level 


basic processes, 
fractions, deci- 
mals, measure- 
ment, algebra 
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